Introduction
============

Esophageal manometry is widely used in clinical practice for the assessment of esophageal motility in patients with dysphagia, chest pain, and gastroesophageal reflux disease who require placement of a pH catheter and a pre-operative evaluation for antireflux surgery. The procedure is usually performed without sedation in an outpatient setting. However, the transnasal catheter placement required for the manometric procedure is unpleasant and uncomfortable for many patients, even with use of topical anesthesia of the nares and/or throat. Unfortunately, some patients are not able to tolerate the manometric procedure at all, thus preventing the completion of the exam.

Conscious sedation facilitates performance of endoscopy and improves the patient's tolerance and compliance for gastrointestinal examination.^[@ref1]^ Additionally, previous studies have reported sedation-assisted esophageal manometry, which may aid completion of manometry for patients who could not tolerate the test during awake placement of the manometry catheter.^[@ref2]-[@ref4]^ Placing the catheter while the patient is under sedation can help mitigate some of the discomfort and help complete the exam. Additionally, some situations require endoscopic-guidance of the manometric catheter to achieve the necessary positioning across the esophagogastric junction, eg, esophageal tortuosity with large hiatal hernia or achalasia. The manometry study can then be performed after the sedation effects clear when the patient finishes recovery.

However it is unclear whether conscious sedation has an impact on the result of the subsequent esophageal manometry. Multiple studies support that manometric findings can be altered when patients are studied on opioids, which are associated with major motility diagnoses, such as type III achalasia, esophagogastric junction outflow obstruction (EGJOO), and Jackhammer esophagus.^[@ref5]-[@ref8]^ Studies performed assessing the effects of intravenous midazolam are conflicting in regards to the impact on lower esophageal pressure.^[@ref9],[@ref10]^ Another consequence of the practice of placing the manometry catheter while the patient is under sedation is the prolonged period of time the catheter remains within the esophagus. This raises the potential for thermal-pressure drift when utilizing solid-state high-resolution manometry (HRM) assemblies, which may also have an impact on the results of the esophageal manometry test.^[@ref11]^

Given these issues, we aim to assess whether performance of manometry after sedated endoscopic placement could alter esophageal motility findings by performing a crossover study of asymptomatic volunteers and patients.

Materials and Methods
=====================

Subjects
--------

Twelve healthy, asymptomatic (free of esophageal symptoms including dysphagia, heartburn, and chest pain), adult volunteers were enrolled in our study. All of them signed the written informed consent. The study protocol was approved by the Northwestern University Institutional Review Board (IRB No. NU IRB STU00096856).

The volunteer group have been previously described.^[@ref12]^ Exclusion criteria for the volunteer group included: previous diagnosis of esophageal, autoimmune, history of upper gastrointestinal surgery, eating disorders, use of antacids or proton pump inhibitors, or a history of tobacco use or alcohol abuse, and long-term use of opioids drug.

Additionally, our esophageal center motility laboratory registry was retrospectively reviewed to identify patients that completed HRM without sedation (no-sedation) at an external hospital, and then completed HRM after placement of the HRM catheter during sedated endoscopy at our center (ie, post-sedation). Patients with previous foregut surgery or with endoscopic or surgical treatment between the 2 HRM tests were excluded. All of the patients signed the written informed consent.

Study Protocol
--------------

Each volunteer participated in the study and completed the high-resolution impedance manometry (HRIM) on 2 separate study days. The study focused on assessing the difference between post-sedation and unsedated placement was conceptualized after we had obtained volunteer data using the post-sedation protocol. Thus, the time between the "post-sedation" study and the "no-sedation" study was approximately 1 year on average (mean 353 days \[SD 176 days\]).

On the first study day ("post-sedation"), evaluation was completed after a minimum 6-hour fast. Healthy volunteer subjects first underwent upper endoscopy in the left lateral decubitus position. Conscious sedation with 5-10 mg midazolam and 100-200 μg fentanyl was administered during the endoscopic procedure. Immediately after endoscopic examination, the HRIM assembly (4.2-mm outer diameter solid-state assembly with 36 circumferential pressure sensors at 1-cm intervals and 18 impedance segments at 2-cm intervals; Medtronic Inc, Shoreview, MN, USA) was placed transnasally and ultimately positioned to record from the hypopharynx to the stomach with approximately 3 intragastric pressure sensors. The HRIM protocol consisted of a 2-minute baseline recording, ten 5-mL liquid swallows in a supine position and five 5-mL liquid swallows in the upright position was performed after a time period for recovery from sedation. The recovery period was approximately 1 hour to a point when the subjects could cooperate with the manometry protocol; the exact time difference from last sedation dosing to the start time of the HRIM test was not measured.

On the second study day ("no-sedation"), healthy volunteer subjects completed the manometry protocol without any preceding sedation. After a minimum 6-hour fast, the HRIM catheter was placed transnasally and positioned to record from the hypopharynx to the stomach with approximately 3 intragastric pressure sensors. The HRIM protocol consisted of a 2-minute baseline recording, ten 5-mL liquid swallows in a supine position and five 5-mL liquid swallows in the upright position ("no-sedation-1"). To assess for possible effects of thermal-pressure drift, a second series of 2-minute baseline recording, 10 supine swallows, and 5 upright swallows was performed after 20 minutes ("no-sedation-2") for the volunteer group.

For patients, all the patients completed HRM tests at an external hospital without use of sedation (no-sedation-1), and when referred to our center, completed HRM test after endoscopy with sedation in a similar manner as described with the volunteers (post-sedation).

Data Analysis
-------------

Manometry studies were analyzed by ManoView version 3.0 analysis software (Medtronic) to measure basal manometry metrics, including basal esophageal gastric junction pressure (EGJP), integrated relaxation pressure (IRP), distal contractile integral (DCI), and distal latency (DL), the EGJP were measured at end-expiration during the baseline recording. Each swallow was designated as swallow types of normal, weak, failed, fragment, or hypercontractile, and an esophageal motility diagnosis was derived according to the Chicago classification version 3.0 (CC v3.0).^[@ref13]^

The HRIM data of volunteer group for each subject were also exported to text file for each swallow. Per-swallow data were then analyzed using a customized python program to output bolus flow time (BFT) and esophageal impedance integral ratio (EII-ratio). Note that the methodology to calculate BFT and EII-ratio are explained in detail in our previous publications.^[@ref14],[@ref15]^

Among patients completing HRM outside of our institution, only 1 patient completed HRM that also included impedance and only 2 patients had upright swallows included in their HRM protocol. Thus, comparisons between no-sedation and post-sedation for the patient group did not include impedance metrics or upright parameters.

Statistical Methods
-------------------

Data were consolidated from the study sites and entered into SPSS version 25.0 for analysis (IBM, Armonk, NY, USA). The median value of each HRIM parameter were utilized for each volunteer. Descriptive statistics for all continuous measures were presented as median and interquartile range (IQR), unless otherwise stated.

For the HRIM parameters with continuous output, intra-subject comparisons were made using repeat measure ANOVA or Friedmann's test according to distribution of data for volunteer group using paired t test or Wilcoxon rank-sum test according to distribution of data for patient group. Statistical significance was accepted when *P* \< 0.05; a Bonferroni correction was applied to account for multiple tests.

Results
=======

Subjects
--------

Twelve healthy, asymptomatic, adult volunteers were enrolled in our study, 9 female, 3 male, and mean age was 31 (range, 23-44) years. The post-sedation and no-sedation testing days occurred at a mean 353 (SD, 176) days. Endoscopic examination was normal in all 12 volunteer subjects. Sedation dosages were an average of 9 (range, 7-10) mg midazolam and 193 (range, 15-200) μg fentanyl. One volunteer did not complete the second series of swallows during the no-sedation protocol due to intolerance.

Additionally, 7 patients, mean age 48 (range, 22-68) years, 1 female, and 6 male that completed no-sedation HRM externally and post-sedation HRM at our center were identified for retrospective analysis. The post-sedation and no-sedation testing days occurred at a mean 175 (range, 48-488) days. All of the patients did not complete the second series of swallows during the no-sedation visit as the studies were done at an outside hospital.

No early or late complications were recorded.

The Impact on Esophageal Motility Diagnosis/Chicago Classification
------------------------------------------------------------------

All 12 volunteers had a classification of normal motility at post-sedation HRIM. One subject had a classification of ineffective esophageal motility (IEM) at no-sedation-1, who then had normal motility at no-sedation-2. Another subject had IEM at no-sedation-2, but had normal motility at no-sedation-1. The remainder of subjects had normal motility classified at no-sedation HRIM. Thus, although the esophageal motility classification changed in 2 subjects (16% of cohort) from normal motility at post-sedation to IEM at a no-sedation HRIM, both subjects also again had normal motility in one of 2 no-sedation HRIM supine swallow series.

Of the subjects with an observed change in CC, the one subject had 10/10 supine swallows normal at post-sedation; IEM at no-sedation-1 with 7/10 supine swallows failed and 3/10 normal swallows; and then normal motility at no-sedation-2 with 2/10 supine swallows failed and 8/10 swallows normal. The other subject had 2/10 supine swallows failed, 1/10 swallows weak, and 7/10 swallows normal at post-sedation; normal motility at no-sedation-1 with 2/10 supine swallows failed, 1/10 swallows weak, and 7/10 supine swallows normal; and then IEM at no-sedation-2 with 8/10 supine swallows failed and 2/10 swallows weak. There was also one subject that had a single hypercontractile swallow (1/10 supine swallows; DCI 12 918 mmHg∙cm∙sec) during the post-sedation and also 1/10 hypercontractile swallows (DCI 9 366 mmHg∙cm∙sec) at no-sedation-1; 10/10 swallows were normal at no-sedation-2.

Among the 7 patients, 6/7 patients had the same HRM diagnosis at both post-sedation and no-sedation HRM. HRM classifications included 1/7 distal esophageal spasm, 3/7 achalasia (2 type II and 1 type III), and 2/7 EGJOO. One patient had normal esophageal motility at post-sedation and IEM at no-sedation HRM. The normal motility classification at post-sedation involved 6/10 supine swallows normal, 2/10 supine swallows failed and 2/10 swallows weak while the IEM at no-sedation involved 7/10 supine swallows failed, 2/10 swallows weak, and 1/10 swallow premature.

The Impact of Sedation on Standard High-resolution Manometry Metrics
--------------------------------------------------------------------

### The impact of sedation on standard high-resolution manometry metrics in supine in volunteer group (see [Fig. 1](#F1){ref-type="fig"} and [Table](#T1){ref-type="table"})

The median (IQR) supine IRP was 10.9 (8.2, 12.8) mmHg during post-sedation, 5.8 (4.6, 8.9) mmHg during no-sedation-1, and 7.5 (5.7, 10.5) mmHg during no-sedation-2, *P* = 0.007. The post-sedation median IRP was greater than at no-sedation-1 (*P* = 0.002) and trended toward greater than at no-sedation-2 (*P* = 0.052). Median supine IRP was similar between no-sedation-1 and no-sedation-2, *P* = 0.201.

The median (IQR) supine basal esophagogastric junction (EGJ) pressure was 12.5 (7.5, 15.8) mmHg during post-sedation, 9.0 (2.3, 15.3) mmHg during no-sedation-1, and 11.0 (4.0, 15.0) mmHg during no-sedation-2, *P* = 0.528.

The median (IQR) supine DCI was 2920 (1509, 4497) mmHg∙cm∙sec during post-sedation, 1117 (622, 1897) mmHg∙cm∙sec during no-sedation-1, and 1052 (539, 2461) mmHg∙cm∙sec during no-sedation-2, *P* = 0.004. The post-sedation median DCI was greater than both the no-sedation-2 (*P* = 0.010) and the no-sedation-1 (*P* = 0.011).

The median (IQR) supine DL was 6.75 (6.51, 7.36) seconds during post-sedation, 6.90 (6.23, 8.34) seconds during no-sedation-1, 7.05 (6.65, 7.70) seconds during no-sedation-2, *P* = 0.878.

### The impact of sedation on standard high-resolution manometry metrics in upright in volunteer group (see [Fig. 2](#F2){ref-type="fig"} and [Table](#T1){ref-type="table"})

The median (IQR) upright IRP was 6.3 (3.4, 9.4) mmHg during post-sedation, 1.0 (0.0, 3.8) mmHg during no-sedation-1, and 5.0 (2.0, 6.0) mmHg during no-sedation-2, *P* = 0.076.

The median (IQR) upright basal EGJ pressure was 8.0 (4.3, 18.5) mmHg during post-sedation, 7.0 (0.8, 20.0) mmHg during no-sedation-1, and 11.0 (1.0, 17.0) mmHg during no-sedation-2, *P* =0.359.

The median (IQR) upright DCI was 2101 (969, 3020) mmHg∙cm∙sec during post-sedation, 791 (227, 1178) mmHg∙cm∙sec during no-sedation-1, and 972 (123, 1010) mmHg∙cm∙sec during no-sedation-2, *P* = 0.009, the post-sedation median DCI was greater than no-sedation-2 (*P* = 0.012), and trended toward greater than the no-sedation-1 (*P* = 0.076).

The median (IQR) upright DL was 6.5 (6.4, 7.0) seconds during post-sedation, 6.7 (6.3, 8.1) seconds during no-sedation-1, 6.8 (6.1, 7.8) seconds during no-sedation-2, *P* = 0.933.

### The impact of sedation on standard high-resolution manometry metrics in supine in patient group (see [Fig. 3](#F3){ref-type="fig"})

The median (IQR) supine IRP was 25.80 (11.80, 36.60) mmHg during post-sedation, 29.05 (9.65, 42.90) mmHg during no-sedation, *P* = 0.804.

The median (IQR) supine basal EGJ pressure was 37.80 (32.80, 50.20) mmHg during post-sedation, 50.00 (18.10, 58.10) mmHg during no-sedation, *P* = 1.000.

The Impact of Sedation on High-resolution Impedance Manometry Metrics for Volunteer Group (see Fig. 4)
------------------------------------------------------------------------------------------------------

### The impact of sedation on high-resolution impedance manometry metrics in supine (see [Fig. 4A and 4C](#F4){ref-type="fig"})

The median (IQR) supine BFT was 1.70 (0.92, 2.73) seconds during post-sedation, 1.79 (0.81, 2.24) seconds during no-sedation-1, 2.08 (0.94, 2.75) seconds during no-sedation-2, *P* = 0.919

The median (IQR) supine EII ratio was 0.01 (0.00, 0.06) during post-sedation, 0.08 (0.00, 0.29) during no-sedation-1, 0.00 (0.00, 0.12) during no-sedation-2, *P* = 0.798.

### The impact of sedation on high-resolution impedance manometry metrics in upright (see [Fig. 4B and 4D](#F4){ref-type="fig"})

The median (IQR) upright BFT was 1.20 (0.25, 1.79) seconds during post-sedation, 1.00 (0.02, 2.06) seconds during no-sedation-1, 1.42 (0.76, 1.92) seconds during no-sedation-2, *P* = 0.693.

The median (IQR) upright EII ratio was 0.01 (0.00, 0.03) during post-sedation, 0.02 (0.00, 0.17) during no-sedation-1, 0.00 (0.00, 0.08) during no-sedation-2, *P* = 0.792.

Discussion
==========

We evaluated the potential impact of placing an HRIM catheter during conscious sedation by comparing HRIM studies performed following sedated upper endoscopy with HRIM studies performed without sedation on asymptomatic volunteers and patients. Our results support that esophageal motility diagnoses remained consistent between post sedated and unsedated studies and that there were small but significant changes in the IRP and DCI for the volunteer group, but no significant differences for the patient group. This suggests that placing an HRIM catheter in a sedated patient remains a viable option for patients that are unable to tolerate awake transnasal HRIM catheter placement.

Studies support that trans-nasal catheter placement fails in 6% to 19% of patients and this is primarily related to discomfort and abnormal anatomy.^[@ref3],[@ref4],[@ref16]^ Thus, endoscopic placement under conscious sedation has been used to improve comfort of placement and help place the catheter through the EGJ in patients with achalasia and large hernias. However, 2 factors related to this practice could potentially result in differences in manometry metrics and diagnosis: the impact of sedation and the impact of thermal pressure drift.

The effects of opioids on esophageal motor function has gained attention based on several observational studies describing an association of chronic opioid use with esophageal motor disorders, particularly spastic (type III) achalasia and EGJ outflow obstruction.^[@ref5]-[@ref8]^ The effects on esophageal motor function of acute opioid or benzodiazepine exposure were also previously investigated. Intravenous morphine yielded increased basal EGJ pressure and increased lower esophageal sphincter (LES) relaxation pressures in 2 studies of healthy controls; contractile amplitudes were unchanged.^[@ref17],[@ref18]^ Intravenous remifentanil was reported to increase LES relaxation pressures (IRP) and reduce distal latencies in healthy volunteers in 1 study,^[@ref19]^ while another study reported no associated change in IRP, but a reduction in distal latency measures.^[@ref20]^ This latter study also demonstrated a reduction in trans-EGJ bolus flow utilizing the BFT after remifentanil.^[@ref20]^ Studies assessing the effect of intravenous midazolam on esophageal motility have yielded inconsistent results: one demonstrated increased basal EGJ pressure and increased LES relaxation pressures among healthy asymptomatic adults,^[@ref9]^ while another demonstrated no changes in LES pressures among pediatric patients.^[@ref10]^ Overall, while previous studies reported changes in esophageal motility parameters with administration of intravenous opioids or benzodiazepine generally among healthy volunteers, there were some inconsistencies in findings between studies and all of the studies were reported using experimental conditions.

Another factor that could affect the HRIM findings when performing the HRIM study an hour after placing the catheter is thermal pressure drift. Modest increases in pressure output with the solid-state HRIM assembly utilized in this study may occur over the duration of the thermal and pressure exposure during intra-esophageal assembly presence.^[@ref11],[@ref21]^ As the differences between the post-sedation and no-sedation-2 condition in supine IRP and DCI were less pronounced than the comparison with no-sedation-1, the effect of thermal drift may account for the modest changes observed as much if not more so than the effects of the sedative agents ([Fig. 1](#F1){ref-type="fig"}).

In the present study, we investigated the potential impact of a real-world, clinical practice scenario involving performing HRIM after the sedative effects of conscious sedation including both fentanyl and midazolam had waned, eg, approximately 1 hour after upper endoscopy with sedation. In doing so, we observed similarities to the majority of previous similar studies by finding a numeric increase in the IRP at the post-sedation assessment as compared with the no-sedation setting. Differences we observed as compared with previous studies were the lack of change in distal latency or BFT, and the numeric increase in DCI (peristaltic vigor) observed in the post-sedation condition in the volunteer group. While no significant differences of HRM metrics were observed between post sedation and no sedation in the small patients group.

A potential explanation for the differences we observed was that the half-lives of midazolam and fentanyl are 1.5-2.5 hours and 20 minutes, respectively, thus our real-world post-sedation manometry practice may reflect a greater impact of persistent midazolam presence than fentanyl. A strength of the present study was also performing 2 study protocols separated in time to account for the potential impact of thermal pressure drift, in which we did observe even smaller numeric trends toward differences at the no-sedation-2 test scenario in which the thermal pressure drift effect would be more similar to the post-sedation HRIM scenario. Although we did observe the similarly described changes in the various parameters of esophageal motor function with HRIM, when we applied the clinical classification scheme of esophageal motility (the CC) to our study, we demonstrated that the potential clinical impact of these normal-range to normal-range parameter changes would be minimal.

The differences in clinical motility diagnoses observed in our studies included 2 volunteer subjects and 1 patient that had a classification of normal motility in the post-sedation setting, but the 2 volunteer subjects had a classification of IEM in 1 of 2 of the no-sedation tests (with normal motility in the other), the patient had IEM in the no-sedation test. The clinical relevance of the IEM diagnosis within the CC v3.0 remains one of uncertainty, but is a known pattern that can be observed among healthy, asymptomatic subjects.^[@ref13],[@ref22]^ The differences observed between the 2 no-sedation scenarios in these volunteer subjects also likely reflect a component of the expected reproducibility of HRIM and esophageal motor function in repeat testing. While study in this area is limited, a previous study on the reproducibility of HRM among healthy volunteers also demonstrated moderate reproducibility in HRM parameters and peristalsis by performing repeat HRM on different days in asymptomatic volunteers.^[@ref23]^

While strengths of this study include testing a clinically-relevant scenario in HRIM performed after upper endoscopy with conscious sedation including both fentanyl and midazolam, applied to clinical motility diagnosis and the control for effects of thermal pressure drift, there are some limitations of this study. One limitation that spans across the body of previous studies on the effects of acute impact of opioids and benzodiazepines on esophageal motility is that only healthy volunteers and a small cohort of esophageal patients were studied. Willingness of patients to repeat HRM is generally limited in the absence of significant clinical changes and most patients that have HRM placed at the time of endoscopy do so for a reason. Although small in sample size, our patient cohort did include both major and minor CC v3.0 classifications, EGJOO, achalasia, distal esophageal spasm, IEM. Thus, while the effects of these pharmacologic stimuli may differ among esophageal patient populations with different esophageal neuronal compositions, eg, loss of inhibitory ganglion in achalasia, we did not observe this finding among our patients. We did observe mild and non-clinically significant increases in IRP and DCI among the healthy controls related to the post-endoscopy test period, but it is conceivable that similar type changes in a patient could push some of the values across a 'threshold' of the classification scheme.^[@ref13]^ However, it should be recognized that borderline HRM parameters or equivocal diagnoses (eg, EGJ outflow obstruction) in most esophageal motility testing scenarios need to be interpreted in the overall clinical context and may require adjuvant testing (eg, barium esophagram) to support diagnoses with major management implications. While future studies remain needed to evaluate the potential impact of sedative agents on esophageal motility among larger cohorts of esophageal patients, the logistics of performing repeat HRMs among patients that do not require endoscopic placement of HRM catheters pose challenges.

In conclusion, performing HRIM after endoscopy with conscious sedation, and thus the waning effects of midazolam and fentanyl as well as thermal pressure drift, had minimal clinical impact on the motility diagnosis or parameters among asymptomatic volunteers and a small cohort of patients. While further study to assess an impact among patients is warranted, this study suggested that placement of the HRIM catheter while a patient is under sedation may provide an adequate solution in cases that awake HRM catheter placement is not possible.
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![Comparison of supine high-resolution manometry (HRM) metrics of volunteer group. Median integrated relaxation pressure (IRP) (A), basal esophageal gastric junction pressure (EGJP) (B), distal contractile integral (DCI) (C), and distal latency (DL) (D) were compared across 3 test situations (post-sedation, no-sedation-1, and no-sedation-2) for all of 12 subjects.](JNM-26-352-f1){#F1}

![Comparison of upright high-resolution manometry (HRM) metrics of volunteer group. Median integrated relaxation pressure (IRP) (A), esophageal gastric junction pressure (EGJP) (B), distal contractile integral (DCI) (C), and distal latency (DL) (D) were compared across 3 test situations (post-sedation, no-sedation-1, and no-sedation-2) for all of 12 subjects.](JNM-26-352-f2){#F2}

![Comparison of supine high-resolution manometry (HRM) metrics of patient group. Median integrated relaxation pressure (IRP) (A), basal esophageal gastric junction pressure (EGJP) (B), distal contractile integral (DCI) (C), and distal latency (DL) (D) were compared across 2 test situations (post-sedation, no-sedation) for all of 7 patients.](JNM-26-352-f3){#F3}

![Comparison of supine and upright high-resolution impedance manometry (HRIM) metrics of volunteer group. Median bolus flow time (BFT) and esophageal impedance integral (EII) ratio were compared across 3 test situations (post-sedation, no-sedation-1, and no-sedation-2) for all of subjects.](JNM-26-352-f4){#F4}

###### 

The Impact of Sedation on High-resolution Impedance Manometry Metrics in Volunteer Group

  Metric                      Post-sedation       No-sedation-1       No-sedation-2       *P*-value
  --------------------------- ------------------- ------------------- ------------------- -----------
  Supine IRP (mmHg)           10.9 (8.2, 12.8)    5.8 (4.6, 8.9)      7.5 (5.7, 10.5)     0.007
  Supine EGJP (mmHg)          12.5 (7.5, 15.8)    9.0 (2.3, 15.3)     11.0 (4.0, 15.0)    0.528
  Supine DCI (mmHg·cm·sec)    2920 (1509, 4497)   1117 (622, 1897)    1052 (539, 2461)    0.004
  Supine DL (sec)             6.75 (6.51, 7.36)   6.90 (6.23, 8.34)   7.05 (6.65, 7.70)   0.878
  Upright IRP (mmHg)          6.3 (3.4, 9.4)      1.0 (0.0, 3.8)      5.0 (2.0, 6.0)      0.076
  Upright EGJP (mmHg)         8.0 (4.3, 18.5)     7.0 (0.8, 20.00)    11.0 (1.0, 17.0)    0.359
  Upright DCI (mmHg·cm·sec)   2101 (969, 3020)    791 (227, 1178)     972 (123, 1010)     0.009
  Upright DL (sec)            6.5 (6.4, 7.0)      6.7 (6.3, 8.1)      6.8 (6.1, 7.8)      0.933
  Supine BFT (sec)            1.70 (0.92, 2.73)   1.79 (0.81, 2.24)   2.08 (0.94, 2.75)   0.919
  Supine EII ratio            0.01 (0.00, 0.06)   0.08 (0.00, 0.29)   0.00 (0.00, 0.12)   0.798
  Upright BFT (sec)           1.20 (0.25, 1.79)   1.00 (0.02, 2.06)   1.42 (0.76, 1.92)   0.693
  Upright EII ratio           0.01 (0.00, 0.03)   0.02 (0.00, 0.17)   0.00 (0.00, 0.08)   0.792

IRP, integrated relaxation pressure; EGJP, esophageal gastric junction pressure; DCI, distal contractile integral; DL, and distal latency; BFT, bolus flow time; EII-ratio, esophageal impedance integral ratio.

Data are presented as median (interquartile range).
